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A SIMPLE AND INEXPENSIVE TONOMETRY 
SYSTEM FOR USE WITH MICROLITRE BLOOD 
SAMPLES 
 
Abstract-The construction of a blood tonometering system based on the vibrating action of a firebell is 
described. Its performance has been assessed with human blood at 37°C and in use with Antarctic fish blood 
(Pagothenia borchgrevinki) at -1.5°C. 
 
INTRODUCTION 
Whole blood tonometry is an important tool for the respiratory physiologist wishing to measure oxygen 
carrying capacity, hemoglobin oxygen affinity, or pH-PCO2 diagrams. A number of systems are available for 
tonometering millilitre volumes of blood (e.g. Kutofix, Eschweiler and Kiel) but there are few options in the 
microlitre range. The IL237 tonometer (Instrumentation Laboratory, Lexington, Massachusetts) permits 
equilibration of 500 µl blood, and the BMS-2 system (Radiometer, Copenhagen) takes even smaller samples 
(SO-100 µl) in a system of two 2-way thermostatted tonometers. 
During a recent expedition to Antarctica, our tonometer system was damaged. Serendipitous fire drills 
prompted us to adapt a 12-V DC firebell by making use of the vibrating arm. The improvized system cost us 
nothing to build, yet performed as well, or better than an expensive proprietary system. The system and its 
performance characteristics are described with the expection that it will be useful to other workers, 
particularly those in under-funded laboratories. 
 
METHODS AND MATERIALS 
 
Tonometering system 
The tonometering action of approx. 10 strokes/sec was provided by a Wormald 12-V DC firebell in which 
the bell cover was removed and the vibrating arm bent through 90° (Fig. 1). A light mounting bracket 
attached to the arm accommodates one or two tonometering tubes. Suitable tubes are 1.5-m1 disposable 
plastic centrifuge tubes (Eppendorf) which must fit tightly into the bracket. 
Gas mixes are supplied at low pressure from pre-mix cylinders or from gas mixing pumps (e.g. Wosthoff, 
Bochum) to a humidifying chamber and then to the tonometer via flexible tubing that is impermeable to 
oxygen and carbon dioxide (e.g. Tygon 1.5 mm ID, 3.5 mm OD). A vent permits gas to exhaust from the 
tonometer. The apparatus is arranged so that 50-90 µ1 blood in the tonometer is immersed in a constant 
temperature water bath. Power is supplied to the firebell from a car battery or charging unit, and the 
tonometering action is started by tapping the contact arm. The tube is steadied by hand to cease the action. 
Adjustment screws on the arm allow optimization of vertical travel so that a thin film of blood is formed over 
the inside surface of the tonometering tube. A thin sheet of plastic placed between the contacts reduces the 
noise caused by the pulsed closing of the electromagnets. 
 
 
Fig. 1. Diagram of apparatus showing modification to the firebell arm and tonometer vessel. Humidified gas is supplied 
to the vessel through a stopper fitted with inlet and exhaust ports. 
 
 
 
Evaluation of the tonometer 
The system was evaluated for use with heparinized human blood at 37°C and for Antarctic fish blood at -
1.5°C. The tonometer was set up at the desired temperature and a 90-µl blood sample pre-equilibrated with 
air for 5 min. Blood was tonometered with nitrogen supplied at approx. 100 ml/min for periods of 1.5-30 min. 
Following each period of equilibration, a 30-µ1 aliquot was taken anaerobically into a gas tight microsyringe 
(Unimetrics, TP 5050 TLC) and analysed for oxygen content according to the method of Tucker (1967). pH 
was measured in a Radiometer BMS-2 system calibrated with NBS-approved buffer standards. 
Both hemoglobin concentration and hematocrit were measured (Dacie and Lewis, 1975) to see whether 
significant erythrocyte swelling or hemolysis had occurred. 
 
RESULTS AND DISCUSSION 
The time for full equilibration of human and fish blood with nitrogen is shown in Fig. 2. Equilibration was 
complete within 12 min and, after 1 hr of tonometry, hemoglobin and hematocrit values had not changed 
from initial values of 159 g/1, and 42.3%. Sample sizes of between 50 and 90 µl did not appear to materially 
affect tonometry times. After fish blood was tonometered for 1 hr, hematocrit changed from 18.2 to 18.1 % but 
there was no evidence for lysis or swelling. 
 
 
 
 
Fig. 2. Time taken for 90 µ1 human blood to equilibrate fully with nitrogen at 37°C in the Radiometer BMS-2 tonometers 
(mean ± SD, n = 5). Other symbols are for blood tonometered in the firebell tonometer; Pagothenia borchgrevinki at -1.5°C 
(ٱ), Homo sapiens at 37°C (∆,▲,Ο). Data are not shown for symbols overlapping those on the reference curve. 
 
For each particular kind of blood and new measurement temperature, it is advisable to evaluate the 
tonometering times required for full equilibration. The results given pertain only to complete deoxygenation of 
blood. Oxygenation, or partial saturation proceeds more rapidly. Furthermore, equilibration with CO2 mixes was 
found to be more rapid by virtue of its higher solubility coefficient and the smaller size of the molecule as 
predicted from Graham's Law of Diffusion. Our recommendation for equilibration times of 12-15 min therefore 
represents a `worst case' approach. 
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